Surplus yeast is a residue produced during brewery process, which presents high contents of organic matter. Biogas production from yeast could significantly contribute to bioenergy production in breweries, via biogas generation. Co-digestion of surplus yeast and brewery wastewater in a single treatment step would simplify the technical and economical requirements for the transformation of both residues into biogas. The feasibility of such co-digestion process was studied by means of batch tests and a lab-scale UASB reactor operation. The effect of applying three pre-treatments (thermal, chemical and mechanical) to the surplus yeast was also studied. Results showed that co-digestion of yeast and brewery wastewater is feasible, since no negative effects of the joint digestion were observed. Pre-treatments tested in this research produced no significant improvements on biogas yield or digestion rates. Even though no negative effects were observed when digesting wastewater and yeast in a UASB reactor after 70 days, long-term studies would be needed in order to detect potential negative effects over granular sludge development, sometimes observed during the treatment of some wastewaters containing suspended solids.
INTRODUCTION
Anaerobic technology has been used so far for more than 30 years to reduce the organic content of wastewaters coming from a wide variety of industrial activities. Anaerobic digesters have been successfully applied for the treatment of brewery wastewaters, with removal levels normally exceeding 80% (Ince et al. 2001) . During beer production, other residues are produced in addition to wastewater, such as surplus yeast and spent grains. These by-products are generally used for animal feeding purposes, which is usually the case for Chilean breweries. However, considering the increasing interest on bioenergy production and the high content of organic matter that surplus yeast contains, its anaerobic digestion for biogas production becomes an alternative. In many occasions anaerobic bioreactors for wastewater treatment are designed and constructed with wide security margins, creating a non-used treatment capacity. Such unused digestion capacity may be then used for the co-digestion of wastewater and surplus yeast. have been reported, which can be basically classified as mechanic, thermal or chemical (Speece 2008) . Abundant literature is available regarding the application of such pretreatments to a wide variety of wastes such as manure (Mladenovska et al. 2006 ) and sewage sludge (Rajan et al. 1989; Chiu et al. 1997; Nah et al. 2000) . When anaerobic digestion of yeast biomass is considered, the rupture of the cell wall is required in order to make cell constituents available. Yeast lysis may be accomplished by several means like autolysis (Nagodawithana 1992; Kim et al. 1999; Shotipruk et al. 2005) , mechanical treatments (Engler 1985) and beads mills (Heim et al. 2007) . A pre-treatment step promoting cell lysis is then expected to enhance anaerobic digestion of yeast containing wastes, enabling a high rate biogas process production.
The present research studied the feasibility of codigestion of surplus yeast and brewery wastewater in a traditional UASB reactor. Three different alternatives for the pre-treatment of surplus yeast were also analyzed as a way to increase biogas yield and productivity.
MATERIALS AND METHODS
Evaluation of surplus yeast pre-treatment Either one or two 10 min cycles at 6,000, 18,000 or 24,000 rpm Chemical Addition of NaOH NaOH concentrations of 2, 5, 10 and 20 g/L, during exposure times of 3, 6, 9, 12 y 24 hours Thermal Thermostatic bath at 908C Treatment times: 3, 6, 9, 12 y 24 h
Water was added during treatment to compensate for evaporation prepared for methanogenic potential analysis were made in order to provide a COD contribution of 65 and 35%, respectively. This ratio was selected since it would represent the situation if all the surplus yeast produced in the brewery would be fed to the anaerobic wastewater treatment plant. Table 2 summarizes the methanogenic potential determinations.
Microscopic observations of the surplus yeast before and after pre-treatment steps were performed using an Olympys CX31 phase contrast microscope, in order to visually determine if cell lysis occurred.
UASB reactor operation
A lab scale 5 L UASB reactor was operated for 70 days, fed with a mixture of brewery wastewater and surplus yeast.
Reactor was inoculated with 1.6 L of settled anaerobic granular sludge from a full scale UASB reactor located at the brewery plant of CCU-Chile was used as inoculum.
Yeast was dosed in the same proportion as for methanogenic potential analyses, i.e. in order to provide 35% of the total influent COD. Organic loading rate (OLR) was gradually increased, by decreasing the hydraulic retention time, up to 8 g COD/L d. Methane production was determined by a water displacement set-up, after the biogas passed through a Mariotte flask containing 40 g/L NaOH.
The brewery wastewater used to produce UASB influent was daily collected. Surplus yeast was collected weekly and stored at 48C until needed.
Methanogenic potential and methanogenic activity analyses
Methanogenic potential was determined at 308C in serum bottles with 300 mL of useful volume. Anaerobic granular sludge coming from the full scale UASB reactor located at the brewery plant of CCU-Chile was used as inoculum, at a concentration of 1.5 g VSS/L. Initial pH was set at 7.0 and sodium bicarbonate was added to provide buffer capacity.
Bottles were agitated manually twice per day. Methane production was determined by liquid displacement using a NaOH solution to absorb carbon dioxide. Analyses were performed in triplicates and including a blank assay, containing only sludge in order to correct for anaerobic biomass endogenous methane formation. 
RESULTS AND DISCUSSION
Evaluation of pre-treatment levels
Mechanical pre-treatment showed no considerable increase in soluble COD or protein concentration (data not shown).
An analysis of variance (ANOVA) with a 95% confidence showed no significant differences between the treatments and the control (sample not subjected to pre-treatment).
Considering the absence of effect over soluble organics, the lower level (10 minutes, 6,000 rpm) was selected for methanogenic potential evaluation. Figure 3A presents the methane yield obtained by the methanogenic potential assays, after 400 hours of digestion.
Methanogenic potential evaluation
Average methane yield was in the range 330-370 mL CH 4 / g COD, very close to the theoretical maximum value of 380 mL CH 4 /g COD, indicating a high COD biodegradation. Pre-treatment showed no effect over the total methane yield. This is confirmed by ANOVA analysis, which failed to reject the null hypothesis (no effect of pre-treatment) with a 95% confidence, when applied to the pre-treatment as a factor. Pre-treatment produced no apparent rate enhancement, as is clear when observing the methane formation during methanogenic potential measurements, presented in tested pre-treatments neither provides an increase in the total methane production or the time required to achieve it.
Actually, microscopic observations showed that no or very low levels of cell lysis were accomplished by the pretreatments.
Results presented in Figures 
UASB reactor operation
Previous results indicated the feasibility of co-digesting brewery wastewater and surplus yeast in a single conversion process, with a potential COD conversion to methane reaching close to 95%. This digestion process was not
enhanced by any of the tested pre-treatment methods.
Therefore, operation of the UASB reactor was performed feeding a mixture of brewery wastewater and non pretreated surplus yeast. After 30 days of operation, removal levels over 90% were achieved. This performance is similar or better than that reported by other authors when treating brewery wastewaters (Fang et al. 1990; Parawira et al. 2005; Connaughton et al. 2006) . Table 3 presents data indicating the average UASB performance during the last four weeks of operation.
Methane production was 301 mL CH 4 per g of fed COD. 
CONCLUSIONS
During beer production large quantities of surplus years are generated. Surplus yeast is a residue containing high amounts of biodegradable organic matter, with a considerable potential for energy production through conversion to biogas. The digestion of surplus yeast in existing anaerobic digesters for wastewater treatment would enable taking advantage of its energetic potential with little investment.
Co-digestion of yeast and brewery wastewater is feasible since no negative effects of the joint digestion were observed during batch tests. Furthermore, thermal, mechanical and chemical pre-treatments tested during this research showed no significant improvements in biogas yield or digestion rates, indicating that these pre-treatments, within the studied conditions, are not useful to enhance anaerobic digestion of surplus yeast.
During 70 days of operation, no negative effects were observed when digesting wastewater and yeast in a UASB reactor. However, long term studies would be needed in order to confirm potential negative effect over granular sludge formation or development, observed during the treatment of some wastewaters containing suspended solids. 
